Abstract Reduction of the AFs produced by Aspergillus parasiticus CECT 2681 in wheat tortillas by isothiocyanates (ITCs) from oriental and yellow mustard flours was evaluated in this study. Polyethylene plastic bags were introduced with wheat tortillas contaminated with A. parasiticus and treated with 0, 0.1, 0.5 or 0.1 g of either oriental or yellow mustard flour added with 2 ml of water. The wheat tortillas were stored at room temperature during 1 month. The quantification of the AFs produced was analyzed by liquid chromatography (LC) coupled to the mass spectrometry detection in tandem (MS/ MS). Gaseous allyl isothiocyanate (AITC) from oriental mustard was more effective than p-hydroxybenzyl isothiocyanate (p-HBITC) from yellow mustard to inhibit the production of AFs. More importantly, 1 g of AITC was able to reduce >90 % of AFs B 1 , B 2 , G 1 and G 2 . p-HBITC is less stable and volatile than AITC, leading to a much lower AFs (average of 17.7 to 45.2 %). Further studies should investigate the use of active packaging using oriental mustard flour and water to reduce the production of AFs by Aspergillus species in bakery goods.
Introduction
Aflatoxins (AFs, Fig. 1 ) are naturally occurring mycotoxins produced by many species of Aspergillus, most notably A. flavus and A. parasiticus, during their growth on foods and animal feed (Williams et al. 2004 ). They are listed as group I carcinogens by the International Agency for Research on Cancer (IARC), which primarily affect the liver (Lee et al. 2004) . Although more than 20 AFs have been identified, the major AFs of concern are known as B 1 (AFB 1 ), B 2 , G 1 and G 2 . Among them, AFB 1 is normally the most prevalent toxin and the most toxic (Delmulle et al. 2005; Zhang et al. 2009 ). As a result, many countries have regulatory limits for AFB 1 levels in agricultural products. The European Union (EU) sets the limits for AFB 1 and for total aflatoxins (B 1 , B 2 , G 1 and G 2 ) in nuts, dried fruits, cereals and spices. These limits vary according to the product, but range from 2 to 8 μg/kg for AFB 1 and from 4 to 15 μg/kg for total aflatoxins (Van Egmond 1995) .
Human exposure to AFs can occur directly from ingestion of contaminated foods or indirectly by the consumption of meat/dairy products from animals previously exposed to AFs. AFs are extremely toxic, mutagenic, teratogenic and carcinogenic compounds that have been implicated in human hepatic and extra hepatic carcinogenesis (Iqbal et al. 2012) .
Isothiocyanates (ITCs) consist of aliphatic and aromatic compounds generated from the hydrolysis of glucosinolates (GLCs) by myrosinase in cruciferous vegetables such as cauliflower, broccoli, cabbage, horseradish and mustard (Ciska and Pathak 2004; Delaquis and Mazza 1995; Whitmore and Naidu 2000) . Myrosinase and GLCs are physically separated within plant cells. Hydrolysis of GLCs occurs when plant tissues are disrupted in the presence of moisture, forming ITCs, nitriles, thiocyanates or epithionitriles depending on environmental conditions (Al-Gendy et al. 2010; Delaquis and Mazza 1995; Mari et al. 2008) . Studies have shown that ITCs exhibit biocidal activity against microorganisms including fungi, bacteria, nematodes and insects. In particular, it has been demonstrated that allyl ITC (AITC), which is formed from sinigrin (2-propenyl glucosinolate), effectively inhibits a variety of pathogenic microorganisms, even at low concentrations (Lin et al. 2000; Luciano and Holley 2009) . The potential of AITC as a natural antimicrobial has been shown in different foods, including chicken breast (Shin et al. 2010) , ground beef (Chacon et al. 2006a; Nadarajah et al. 2005) , dry-cured ham (Graumann and Holley 2007) , fermented dry sausages (Chacon et al. 2006b ) and tuna meat (Hasegawa et al. 1999) . The goals of this study were to study a) the qualiquantitative GLCs composition of yellow and oriental mustard flours and b) the reduction of AFs production by A. parasiticus in wheat tortilla treated with ITCs generated from mustard flours.
Materials and methods

Chemicals
AFs B 1 , B 2 , G 1 , G 2 , sinalbin and sinigrin (98 % purity), phosphate buffer saline (PBS) at pH 7, formic acid (HCOOH), allyl isothiocyanate (AITC), para-hydroxybenzylisothiocyanate (PHBITC), tetrabutylammonium hydrogen sulfate (TBA), ammonium formate, and sodium chloride (NaCl) were obtained from Sigma-Aldrich (St Louis MO., USA). Oriental and yellow mustard flours were provided by G.S. Dunn dry mustard millers (Hamilton, ON, Canada). Methanol was purchased from Fisher Scientific (Hudson, NH, USA). Deionized water (<18 MX cm resistivity) was obtained from a Milli-Q water purification system (Millipore, Bedford, MA, USA). Chromatographic solvents and water were degassed for 20 min using a Branson 5200 (Branson Ultrasonic Corp., CT, USA) ultrasonic bath. Aspergillus parasiticus CECT 2681, was obtained from the Spanish Type Culture Collection (CECT, Valencia, Spain).
Glucosinolates extraction and determination from oriental and yellow mustard flours
GLCs from oriental and yellow mustard flours were extracted using the method described by Prestera et al. (1996) with few modifications. Twenty grams of either mustard flour was introduced in a 50 mL glass tube and autoclaved at 115°C during 15 min to inactivate the endogenous myrosinase. Samples were added to different Erlenmeyers containing 200 ml of boiling distilled water (100°C) and the mixtures were stirred for 10 min at 350 rpm. Then, the suspensions were cooled until they reached room temperature, centrifuged at 2500 rpm for 5 min at 4°C and filtered through filter paper (Whatman no. 4) into 50 ml screw-capped tubes. The extracts were filtered through a 0.22 μM filter and injected into liquid chromatography diode array detector apparatus (LC-DAD). Separation and quantification of glucosinolates was performed using a Shimadzu LC system (Shimadzu, Japan), equipped with a C18 column Gemini (4.6 × 150 mm i.d. 5 μm; Phenomenex, Palo alto, CA). Elution was carried out isocratically for 20 min at a flow rate of 1 ml/min, using a solvent system containing 20 % (v/v) acetonitrile and 80 % Fig. 1 General structure of aflatoxins B 1 , B 2 , G1 and G 2 water +0.02 M tetrabutylammonium hydrogen sulfate (pH 5.5). The injection volume used was 20 μl. A diode array detector was used to measure the absorbance at 227 nm in order to verify and quantify the presence of GLCs.
Wheat tortillas inoculation and storage
Single wheat tortillas were introduced in multilayer polyethylene plastic bags (Saplex, Barcelona, Spain). Then, they were treated with three different quantities of oriental or yellow mustard flour (0.1, 0.5 and 1 g). The flours were introduced in a 50-mm petri dish bottom and added with 2 mL of water to promote the activation of the myrosinase and, consequently, the formation of ITCs (Fig. 2) . The wheat tortillas were contaminated with 1 mL of Aspergillus parasiticus CECT 2681 grown in potato dextrose broth (PDB, Oxoid, UK) medium containing 10 6 conidia/ml. Conidial concentration was measured by optical density at 600 nm in sterile water and adjusted to 10 6 conidia/ml in PDB as reported Kelly et al. (2006) . The control group did not receive any treatment with mustard flour+water. The plastic bag were thermally sealed and incubated at 23°C during 15 days. Then, bags were opened and the tortillas were autoclaved (121°C) and extracted for AFs quantification.
Aflatoxins extraction
The aflatoxins extraction was carried out using the method described by Liu et al. (2013) with modifications. Briefly, an aliquot of 5 g of each finely ground wheat tortilla (Oster Classic grinder, Oster, Valencia, Spain) was weighed in a 50 mL plastic tube. Then, 0.5 g of sodium chloride (NaCl) and 25 mL of a mixture methanol/water (80:20, V/V) were added and the samples were extracted using Ultra Ika T18 basic Ultraturrax (Staufen, Germany) for 3 min. The mixture was centrifuged at 4500×g for 5 min and the supernatant was evaporated to dryness with a Büchi Rotavapor R-200 (Postfach, Switzerland). The residue was re-dissolved in 1 mL of the extraction solvent, filtered through a 0.22 μM filter and injected into LC-MS/MS.
AFs identification and quantification by LC-MS/MS
The liquid-chromatography analysis system consisted of a binary LC-20AD pump, a SIL-20AC homoeothermic auto sampler, a CTO-20A column oven, a CMB-20A controller and Analyst Software 1.5.2 was used for data acquisition and processing. The separation of AFs was performed on a Gemini NX C18 column (150 × 2.0 mm I.D, 3.0 μm, Phenomenex, Palo Alto, CA) at room temperature (20°C). The mobile phase was composed of solvents A (0.1 % formic acid in water) and B (0.1 % formic acid in acetonitrile) at a flow rate of 0.2 mL/min. After a hold time of 0.6 min, 10 % of B reached 95 % in 1.6 min and was kept constant for 0.3 min. Afterwards, the column was re-equilibrated with 10 % solvent A until the end of the run at 4.0 min. An API-4000 triplequadruple MS/MS system (Applied Biosystems, Foster City, CA, USA) equipped with an ESI interface in positive mode was used for detection in multiple reactions monitoring (MRM) mode. The main MS parameters were optimized and finally set as follows: nebulizer gas (GS1), 55 psi; auxiliary gas (GS2), 50 psi; curtain gas (CUR) 15 psi; capillary temperature 550°C; ion spray voltage (IS) 5500 V. Nitrogen was used as the nebulizer, heater, curtain and collision gas. Results and discussion
Glucosinolates in oriental and yellow mustard flour
The GLCs present in the yellow and oriental mustard flours were analytically characterized to predict the total amount of the GLCs that can be converted in ITCs through the action of myrosinase. Sinigrin was detected in the oriental mustard flour at 5.2 %, whereas sinalbin was 4.6 % of the yellow mustard flour. Sinigrin and sinalbin are the precursors of the antimicrobial compounds allyl (AITC) and parahydroxybenzyl isothiocyanate (p-HBITC), respectively. The addition antimicrobials that can act during the storage of bakery products to control the presence of the mycotoxigenic fungi is of great interest. Most bakery goods are added with propionate, sorbate or benzoate salts to avoid mold growth, but consumers have become more reluctant to the use of synthetic preservatives in their foods. All plants in the Brassicaceae family contain GLCs as secondary metabolites, and oriental and yellow mustard contains the GLCs sinigrin and sinalbin. Upon physical damage of the plant tissue, hydrolysis of GLCs is catalyzed by the endogenous enzyme myrosinase in the presence of moisture to produce the antimicrobials compounds AITC and p-HBITC (Delaquis and Mazza 1995; Ekanayake et al. 2006) . The mechanism of action of these antimicrobial compounds is uncertain, but they may inhibit essential enzymes and cause membrane damage (Lin et al. 2000) .
AFs reduction in wheat tortilla
The simulation of AFs contamination was carried out by inoculating the wheat tortillas with Aspergillus parasiticus CECT 2681 (AFs producer). As presented on Fig. 3 , the control wheat tortilla contained 35.4 mg/kg of the AFB 1 , 18.2 mg/kg of AFB 2 , 6 mg/kg of AFG 1 and 3 mg/kg of AFG 2 .
As shown on Table 1 , the AITC generated from oriental mustard flour was more efficient that p-HBITC to avoid the production of AFs. The highest reduction of the AFs (>90 %) was obtained employing 1 g of the oriental mustard flour. AFBs production were the most sensitive to AITC, where 0.1 g of oriental flour already produced a >74.8 % of these toxins. Aflatoxin production was affected quite evenly when 0.5 or 1 g of oriental mustard flour was used, with the exception of AFG 1 that was reduced by 54.17 ± 3.6 % with 0.5 g of the AITC-producing flour.
AFs reduction was much lower with the use of yellow mustard. The mean reduction found ranged from 17.7 to 45.2 % for each aflatoxin. Again, % reduction was higher for AFBs than for AFGs. However, it is noteworthy that AFBs were produced in much higher doses that AFGs in the control group (Fig. 3) . Figure 4 shows a LC-MS/MS chromatogram of the AFs present in wheat tortillas treated with yellow mustard flour. The mean AFs reduction acquired with yellow mustard was 1.5 fold lower than those found for oriental mustard. This phenomenon can be related to the stability of the isothiocyanates generated by the hydrolysis of the glucosinolates present in both flours used. In particular, p-hydroxybenzyl isothiocyanate is less stable in aqueous media and presents less volatility than allyl isothiocyanate (Luciano et al. 2011) .
This article can be considered the first where the application of isothiocyanates has been applied in wheat tortilla to reduce the Aspergillus parasiticus growth and consequently the content of AFs. Soher and Amal (2011) studied the effect of hydrochloric acid (HCl) on AFB 1 degradation in contaminated corn gluten under different HCl concentrations, hydrolysis temperatures and hydrolysis times. During the wet milling process the highest AFB 1 level (37.86 %) was found in corn gluten fraction. Treatment with 1 mol/L HCL at 110°C produced a degradation of AFB 1 from 27.6 to 42.5 %. Jubeen et al. (2012) investigated the effect of ultra violet irradiation on aflatoxins in ground and tree nuts. Samples of nuts were randomly selected from the retail market of Faisalabad with a moisture content of the nuts artificially increased to 10 ± 3 % and 16 ± 3 % to facilitate the mold growth. The samples were stored at a room temperature of 25-30°C for 12 weeks. The stored nut samples were checked after 12 weeks and the fungi were found growing in all nuts along with considerable AFs production. AFs and mold contaminated samples were exposed to UV radiations of 265 nm for 15, 30 and 45 min. The fungicidal activity of UV radiation was more pronounced in nuts adjusted at high moisture level. The order of sensitivity for fungal disinfection by UV irradiation was walnut > almond = pistachio > peanuts. There was a proportional decrease in AFs levels with increased exposure time.
Complete elimination of AFG 2 was achieved in all nut samples after 15 min exposure, while AFG 1 showed 100 % degradation only in almond and pistachio. After 45 min exposure to UV, AFB 1 showed maximum reduction of 96.5 % in almond and pistachio. The degradation of total AFs as well as that of AFB 1 by UV irradiation was found to follow first order kinetics.
Méndez- Albores et al. (2013) studied the effect of roasting and alkalization processes on the stability of AFB 1 and AFB 2 , on cocoa samples contaminated with AFs at a concentration of 220.7 μg/kg and roasted at 250°C for 15 min. Roasting conditions caused a notable reduction in the AFs content (up to 71 %). The resulting cocoa liquors contaminated with 63.9 ng/ g were thermal-alkaline treated with sodium, potassium, and calcium hydroxide at three different concentrations (10, 20, and 30 g/kg) . At a concentration of 10 g/kg, the AFs reduction was more effective when using NaOH and Ca(OH) 2 (up to 94 %) than when using KOH (up to 88 %). However, at concentrations of 20 and 30 g/kg, all of the three chemicals were almost equally effective for AFs degradation (up to 98 %). Azaiez et al. (2013) studied the reduction of the fumonisins (FBs) present in loaf bread contaminated with Gibberella moniliformis CECT 2987 by allyl (AITC), phenyl (PITC) and benzyl isothiocyanates (BITC). In addition, the antifungal activity of these ITCs toward Fusarium mycotoxigenic strains was also evaluated. The ITCs employed inhibited the growth of three mycotoxigenic Fusarium strains, reducing the mycelium size by 2.1 to 89.7 %, depending on the type of ITC and dose used. The ITCs used also reacted with the FB 2 produced by G. moniliformis in the bread, reducing its levels by 73-100 % depending on the dose and time of exposure.
Similarly to the present study, Hontanaya et al. (2015) studied the effect of isothiocyanates (ITCs) generated by the enzymatic hydrolysis of the glucosinolates (GLCs) present in oriental and yellow mustard flours in liquid media and in nuts (peanut, cashew, walnut, almond, hazelnut and pistachio) contaminated by an aflatoxinogenic A. parasiticus. The ITCs reduced the A. parasiticus growth in both liquid media, where AFs reduction in ranged from 83.1 to 87.2 % using oriental mustard flour and 27.0 to 32.5 % with yellow flour. Nuts were only treated with oriental mustard flour and the mean AFs reduction ranged from 88 to 89 %.
Conclusions
The present study showed the capacity of ITCs generated by oriental and yellow mustard flours to reduce AFs naturally produced in wheat tortilla by Aspergillus parasiticus. This study shows that antimicrobial devices containing mustard flour and water can be used as natural preservatives for bakery products that are commonly contaminated by Aspergillus species. Further investigation will be focused on use of active packaging, through an antimicrobial sachet or patch, as a form to introduce the production of ITCs in wheat tortilla bags.
